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From the root of Boerhavia diffusa four new compounds namely boerhavisterol, boerhadiffusene,
diffusarotenoid and boerhavilanostenyl benzoate and a known rotenoid, boeravinone A, have been
isolated and their structutes elucidated as 9, 1O-seco-stigmast-5,8(9)-dien-3~-01, 1-(2', 6', 6'-
trimethylcyclohex-I' -enyl)-II-(3", 3"-dirnethylcyc1ohexyl)-4,8-dirnethyl-undec-I-ene, 4,9-dihydroxy-
IO-methyl-6a-dehydrorQt~noid-6-pentanoate, 27-0-(4'-benzoyl-~-D-glucopyranosyl)-lanost-5-en-3-one
and 6-methoxy-9, II-dihydroxy-1O-methyl-6a, 12a-dehydrorotenoid, respectively on the basis of
spectral data analyses and chemical means.
Boerhavia difJusa Linn. (fam: Nyctaginaceae),
commonly known as punamava, is a widely grown
plant all over India, abundant during rainy season.
Its. roots have laxative, stomachic, diuretic,
anthelmintic, febrifuge, anti leprosy, antiscabies,
antiurethritis, antiviral and antitumor properties and
are used in asthma, anaemia, jaundice and as an
antidote to snake venom':", Hentriacontane, ursolic
acid, J)-sitosterol, glucose, fructose", J)-ecdysone4,
lfl 5 'd 6-9 id 10C-methy avone, rotenoi s , punarnavosi e ,
lignans" and dihydroisofuranoxanthone'f have
been reported from the roots. This paper describes
the isolation and structural elucidation of four new
compounds in addition to the known rotenoid,
boeravinone A.
Compound 1, named boerhavisterol, gave a
positive Liebermann-Burchard test and exhibited
characteristic IR absorption bands due to hydroxyl
group (3480) and un saturation (1600 em"), It had a
molecular ion peak in its mass spectrum at mlz 414
consistence to an steroidal molecular formula
C29HsoO.It indicated five double bond equivalents.
The IH-NMR spectrum of 1 displayed two
downfield signals at 0 5.40 (m) and 5.10 (t, J=6.0
Hz), assigned corespondingly to C-6 and C-9
olefinic protons. A broad multiplet at 0 3.51
(wy,=16.0 Hz) was attributed to a carbinol proton
placed at C-3 on the basis of biogenetic analogy.
Appearance of a three-proton doublet at 0 1.01
(J=5.3 Hz), assigned to C-19 secondary methyl
group, in place of expected singlet for C-19 angular
methyl':':", suggested C9(10)-seco bond of the
steroidal nucleus. Three-proton each doublets at 0
0.95 (J=6.0 Hz), 0.87 (J=5.3 Hz), and 0.78 (J=6.0
Hz) were ascribed respectively to C-21, C-26; and
C-27 methyl functionalities. A three-proton singlet
at 00.68 was accounted by a C-18 tertiary methyl
group. A three-proton triplet at 00.85 (7.0 Hz) was
due to Me-29 which suggested an ethyl group in
the side chain located at C-24 on biogenetic
considerations. The Hr29 resonance of 24 s-
configuration (0 0.85) appeared in the reported
range (ca 0 0.86)13. Methine and methylene protons
resonated in between 0 2.29-1.19.
The ei mass spectrum of compound 1 exhibited
diagnostically important fragments at mlz 399 [M-
Met, 396 [M-H20t, 381 [396-Met, 329 [M-C6-
H13t, 273 [M-CIOH2t. side chain, scj', 271 [273-
2Ht, 255 [273-H20t, 213 [255-ring D fission]"
and 230 [273-ring D fission]'. These characteristic
fragments suggested that it was a C29-sterol
possessing one hydroxyl group in the carbocyclic
framework and C-I0 saturated side chain":". The
ion peaks at mlz 72 (CI,W-C4,5 fission), 139 (C7-Cg
fission), 121 [139-H20t, 125 [139-CH2t, 107
[125-H20]+' 201 [M-72-side chain, scr, 149 [M-
124-SCt, 135 [M-139-SCt, 83 (C23-CSIO-C6717 ' , ,
fission) and 69 [83-CH2t reflected the presence
of one of the olefinic linkage at C-5 and hydroxy
group in ring A placed at C-3 on biogenetic
,
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grounds. The ion peaks at mlz 164 [(C9,WCS,14
fissionj]', 205 [(C9,U-C\3,WCI6,I7)t, 187 [205-
H20t, 19l[205-CH2r, 177 [191-CH2t, 173 [191-
H20t, 159 [177-H20t and 192 [(C12.WCS.i4
fissionj]' indicated the presence of another olefinic
linkage at C-8 and saturated nature of ring D.
Acetylation of 1 with acetic anhydride yielded an
acetylated product 2 supporting the presence of one
acetylable hydroxyl group in the molecule.
On the basis of these findings the structure of
boerhavisterol 1 was identified as 9,1 O-seco-
stigmast-5,8(9)-dien-3f3-ol. This new seco-sterol
constitutes the first report from B.diffusa.
Compound 3, named boerhadiffusene, was
obtained as a colourless crystalline product from
chloroform-methanol (98:2) eluents. Its IR
spectrum showed an absorption band for
unsaturation. Its mass spectrum exhibited the
molecular ion peak at mlz 414 corresponding to
C30Hs4, It had four degrees of un saturati on , The
spectrum displayed a base peak at m/z 149 arose
due to [C2-C3 fission]' and a peak at mlz 265 [M-
l49t, suggesting a trimethyl substituted
cyclohexenyl moiety at one of the terminals. The
ion peaks at m/z 191 and 223, formed due to C4-CS
fission, and at mlz 303 and 111, generated due to
CwC1", cleavage, indicated the presence of a
dimethyl substituted cyclohexanyl unit at another
terminal. The location of methyl groups at C-4 and
C-8 of the branched carbon chain of the terpene 3
was deduced from the ion peaks appearing at mlz
163, [C3-C4 fission]', 233, 181 te-e, fission]' and
261, 153 [CS-C9 fission]'.
The IH-NMR spectrum of 3 displayed two one-
proton each signals at 0 5.32 (0, J=2.5 Hz) and 5.11
(m) assigned to H-l and H-2, respectively. A three-
proton broad signal at 0 1.50 was associated with
C-7' methyl group attached to an unsaturated
carbon. A six-proton broad signal at 0 1.01 was
accounted to C-8" and C-9' methyl functionalities.
The C-12 and C-13 secondary methyls appeared as
three proton each doublets correspondingly at 0
0.95 (8.06 Hz), and 0.80 (J=6.83 Hz). The C-7"
and C-8' tertiary methyl groups resonated as a
three-proton each signals at 0 0.68 and 1.26,
respectively.
On the basis of these evidences the structure of
boerhadiffusene 3 has been established as a 1-
(2' ,6',6'-trimethy1cyclohex-l' -enyl)-11-,(3",3" -di-
methy1cyclohexyl)-4,8-dimethyl-undec-l-ene. This
913
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9. R, =0. R,= H
10.R, = a-OI·I. H. R, = \I
is a new triterpenic constituent containing SIX
membered cyclic rings at both the terminals.
Boeravinone A 4, was characterized by
comparing physical constants and spectral data
with literature', and by preparing its methyl ether
derivative 5, m.p. 207-209°C (lit. 208-210°cf with
diazomethane.
Compound 6, named diffusarotenoid, was
obtained as a yellow coloured amorphous powder.
It gave positive ferric chloride test. In the EIMS it
showed the molecular ion peak at mlz 396
corresponding to a rotenoid molecular formula
C22H2007. Its IR spectrum exhibited typical
absorption bands for hydroxyl (3300), ester (1730),
conjugated carbonyl (1645), olefin (1615) and
phenyl (1585, 1440) groups". The UV spectrum
showed absorption bands at 218,264,291 and 355
nm. On addition of sodium hydroxide solution,
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bathochromic displacements of these absorptions
were noticed to 220, 285, 335 and 354 as reported HO
in rotenoids". The retro-Diels-Alder fragmentation
of 6 generated ion fragments at mlz 150 and 246 H,C
suggesting one each hydroxyl group in ring A and
ring B. Elimination of n-pentoyl group from M+
and from mlz 246 yielding ion fragments at mlz 311
and 161, respectively supported the location of the
n-pentoyl group at either C-6 or C-4. It yielded a
dimethyl derivative 7 (M+ mlz 424) with
diazomethane which did not respond to the ferric
chloride test. Its RD fragmentation in the mass
spectrum also showed ion peaks at mlz 164 and 260
indicating the presence of one each methoxy group
in ring A and D. Methylation of both the hydroxyl
groups attested the presence of n-pentoyl group at
C-6 hydroxy group. In boeravinones A and D and
in stemonacetal the C-6 hydroxyl group is
substituted with methyl or ethyl group".
The IH_NMR spectrum of 6 displayed five one-
proton each down field signals assignable to 1,2-
disubstituted isolated benzene protons at OH 8.86 (s,
H-ll) and 6.87 (s, H-8) and a 1,2, 6-trisubstituted
benzene protons at OH 9.15 (d, J=8.5 Hz, H-1), 7.21
(dd, J=8.5, 9.5 Hz, H-2) and 7.45 (dd, J=9.5, 3.0
Hz, H-3), together with signals due to methylene
protons (0 2.50 m) adjacent to ester group, vinyl
methyl group (0 1.95, s), two methylene groups (0
1.21, s), C-5' methyl group (0 0.84, s) and' an
isolated signal at 0 6.93 (H-6). The spectrum
pattern almost resembled to that of boeravinones A
and B7. In view of these spectral data and the
molecular formula, the structure of diffusarotenoid
6 was concluded to be 4, 9-dihydroxy-l0-methyl-
6a, l2a-dehydrorotenoid-6-pentanoate. This is a
new member of rotenoid group.
Rotenoid" are a class ofisoflavonoids having an
extra carbon atom in an additional pyran ring and
some of them are known to have insecticidal and
piscidal activity". Their occurrence in natural
resources has generally been limited to the
Leguminosae and Stemonaceae plants, but some
new l2a-hydroxyrotenoids have been isolated from
a Brazilian plant Boerhavia coccinea" and from B.
diffusa'" also. Most of the known natural rotenoids
contain an isoperenoid derived substituent, usually
at C-8 and rarely at C-lO positions. However,
boeravinones A and B have a methyl group at C-10













RDA fragmentation of dUfusaJotenold [6].
Scheme I
Compound 8, named boerhavilanostenyl
benzoate, was obtained as colourless crystalline
mass from chloroform-methanol (9: 1) eluents. The
compound gave positive steroidal and
Zimmermann tests, and exhibited IR absorption
bands for hydroxyl groups (3400) ester linkage
(1725), carbonyl groups (1710), and unsaturation
(1640)cm-l. Its mass spectrum did not show
molecular ion peak. However, its fragmentation
pattern indicated that the molecular was
benzoylated glycoside of a lanostene type
triterpene. The ion peaks at mlz 109 (C2,3-CS,10-C7,S
fission)", 95 [109-CH2r, 81 [109-COr, 98 (C1,l0-
C4,s fission) and 150 (C6,7-C9,IO fission) supported
the presence of the carbonyl group in ring A which
was placed at C-3 on the basis of biogenetic
considerations and olefinic linkage at C-5. The ion
peaks at mlz 218 [C12,n-CS,14fission]', 204 [208-
CH2r and 313 [M-SCr indicated the saturated
nature of rings C and D. The ion fragments at mlz
395 (side chain, C21H3107), 411 (C2S-C27 fission)
and 441 (M-f3-D-gluc-OOC-C~5) reflected that a
saturated Cs-side chain was attached to the
carbocyclic framework. The ion peaks at mlz 325
(CH3CHCH2-0-f3-D-gluc-OCOC~5)' 297 (CH2-0-
f3-D gluc-OCO C~5), 267 (f3-D-glu-OCO-C~s)
and (C~5€:O) suggested the existence of benzoyl
glucosidic linkage at C-27 of the triterpenic
molecule.
The IH_NMR spectrum of 8 displayed five one-
proton each downfield multiplets at 0 7.53, 7.14,
7.00,6.81 and 6.57 assignable to the benzoyl group
protons. A one-proton doublet at 0 5.31 (J=4.5 Hz)
was ascribed to olefinic H-6. The anomeric proton
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appeared as a doublet at 0 5.08 (J=7.0 Hz). A two-
proton broad signal at 0 4.86 was due to C-27,
oxygen-substituted methylene group. The signals at
o 4.39 (H-4'),~.26 (H-6'a), 4.18 (H-6'b), 3.69 (H-
2') and 3.49 (H-3'-H-5') were associated with the
glucoside protons. The downfield resonance of H-
4' at 0 4.29 in place of 0 4.06 disclosed the
attachment of benzoxyl group at C-4'. The methyl
signals resonated at 0 1.23 (Me-19), 1.16 (d, J=6.0
Hz, Me-26), 0.95 (Me-28, Me-30), 9.84 (d, J=6.0
Hz, Me-21), 0.77 (Me-29) and 0.69 (Me-18). The
appearance of all the methyls in the region 0 1.23-
0.69 suggested that these groups were attached to
saturated carbons. Alkaline hydrolysis of 8 yielded
benzoic acid, glucose and an aglycone 9. The
aglycone 9 was identified as 3-oxo-lanost-5-ene-
27-01by comparing melting point and co-TLC with
the oxidised product of lanost-ene-3,27-diol 1021
and by comparing melting point and co-TLC of the
LiAIH4reduced product of 9 with that of 10 (m.p.
I6I-62°i I. On the basis of these evidences, the
structure of the natural product, boerhavilanostenyl




General. Melting points were determined on a
Perfit melting point apparatus and are uncorrected.
UV and IR spectra were recorded on Beckman DU-
64 and Perkin Elmer 881, respectively. IH-NMR
spectra were screened on Perkin Elmer R-32 (100
MHz) instrument in CDCb and DMSO-d6 using
TMS as an internal standard. Mass spectra were
scanned on a Jeol D-300 (EVCI) at 70 eV.
Homogeneity of the compounds was checked on
silica gel G coated TLC plates and spots were
visualized in iodine chamber, UV light and by
heating TLC plates after spraying with eerie
sulphate.
Plant Material. The roots of B. difJusa were
procured from the Herba indica, Chandigarh in
December 1994.
Extraction. Air-dried and coarsely powdered
material (1.125 kg) was extracted exhaustively
with EtOH (95%) in a Soxhlet apparatus.
Combined extracts were dried under reduced
pressure to obtained a brown-coloured viscous
residue (153 g, 13.60%).
Isolation of chemicals constituents. The dried
ethanolic extract was dissolved in minimum
amount of MeOH and adsorbed on silica gel to
form a slurry. Slurry was air-dried and subjected to
silica gel column chromatography. The column
was eluted with pet. Ether, pet. Ether-Cflf.l, (9:1,
3:1, 1:1 1:3 v/v), CHCb, CHCh-MeOH (99:1,
95:5,3:1 v/v) to isolate the following compounds.
Boerhavisterol 1. Elution of the column with
CHCh furnished colourless crystalline product 1,
recrystallized from CHCh, 40 mg (0.0035%), R,
0.65 (Benzene-EtOAc, 1:1), m.p. 128-139°C;
UV:A.max(MeOH): 265 nm (log E 4.6); IR:vrnax
(KBr): 3480, 2955, 2880, 1600, 1455, 1430, 1375,
1050, 955, 790 ern'; IH NMR (100 MHz, CDCh):
0.5.40 (1H, m, H-6), 5.10 (IH, t, J=6.0 Hz, H-9),
3.51 (tH, brm, wll2=16.0 Hz, H-3(3), 1.01 (3H, d,
J=5.3 Hz, Me-19), 0.95 (3H, d, J=6.0Hz, Me-21),
0.87 (3H, d, J=6.5 Hz, Me-26), 0.85 (3H, t, J=7.0
Hz, Me-29), 0.78 (3H, d, J=6.0 Hz, Me-27), 0.68
(3H, brs, Me-18); ElMS m/z (rel. int.): 4I4[Mr
(C29H500) (21.4), 399(5.3), 396(11.0), 381(7.8),
329(7.4), 303(26.7), 273(8.3), 271(5.1), 255(16.6),
230(8.3), 213(15.4), 205(4.5), 201(4.2), 192(4.3),
191(16.8), 187(3.8), 177(3:6), 174(4.3), 173(5.1),
164(8.8), 160(10.0), 159(13.8), 149(40.7),
139(8.4), 135(10.5), 125(6.2), 121(9.9), 109(16.3),
107(13.2), 97(28.2), 95(24.3), 83(24.1), 81(44.5),
72(36.5),69(42.6),54(72.3).
Acetylation of 1. Compound 1 (15 mg) was
acetylated with AC20 (3mL) and pyridine (1 mL)
and left overnight at room temperature. The
reaction mixture was poured into crushed ice and
extracted with CHCh (3xlO mL). The organic
phase was dried over Na2S04 and evaporated to
obtain monoacetylated product (2), m.p. 81-82°C.
IR Vrnax(KBr): 1725, 1600 ern".
Boerhadiffusene 3. Elution of the column with
CHCb-MeOH (98:2) gave colourless crystalline
product 3, recrystallised from CHCb-MeOH (t: 1),
65 mg (0.0057%), RrO.74 (Benzene-EtOAc, 1:1),
m.p. 103-104°C; UV Amax(MeOH): 272 nm (log E
5.6): IR vrna~(KBr): 2940, 2855, 1625, 1455, 1445,
1430, 1345, 1325, 1150, 950 cm'; IH NMR (100
MHz, CDCh): 0 5.32 (tH, d, J=2.5 Hz, H-1), 5.11
(tH, m H-2), 1.50 (3H, brs, Me-i), 1.26 (3H, brs,
Me-8'), 1.01 (6H, brs, Me-8", Me-9'), 0.95 (3H, d,
J=8.06 Hz, Me-12), 0.80 (3H, d, J=6.83 Hz, Me-
13), 0.68 (3H, brs, Me-7"); ElMS mlz (rel. int.):
414[Mr (C)OH54) (7.3), 303(l.9), 265(2.2),
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261 (4.5), 256(17.5), 233(5.0), 223(4.0), 219(2.7),
213(9.1), 205(3.4), 195(1.7), 191(2.4), 185(5.6),
181(3.7), 163(3.1), 153(6.3), 149(100), 139(3.5),
129(22.1), 125(2.9), 123(9.6), 111(11.3), 97(20.1),
83(32.1),71(34.3),69(35.2),57(61.3).
Boeravinone A 4. Elution of the column with
CHCh-MeOH (9:1) gave yellow amorphous
powder 4, 80 mg (0.0071%), Rr 0.56 (CHC13-
MeOH, 95.5), m.p. 215-16°C; UV A.max (MeOH):
215, 263, 289 nm (log E 4.37, 3.01, 4.05),
(MeOH+NaOH) 220, 285, 300 nm; lR Vrnax (KBr):
3410, 3200, 2930, 1685, 1625, 1570, 1440, 1210,
1120, 1080 em"; EIMS mlz (reI. int.): 326 [Mr
(CIgHI406) (22.9), 310(100), 295(21.3), 281(12.6),
267(3.4), 149(16.7).
Methylation of 4. A solution of CH2N2 in ethel
was added to a solution of 4 (10 mg) in a small
amount of MeOH and the mixture was allowed to
stand for 24 hr at room temperature. After
evaporation of the solvent, the residue was purified
by preparative TLC to yield a monomethyl ether 5
as yellow needles, m.p. 207-209°C.
Diffusarotenoid 6. Elution of the column with
CHCh-MeOH (9:1) afforded yellow coloured
amorphous powder of 6, 75 mg (0.0066%), Rr 0.69
(CHCh-MeOH, 95:5), m.p. 261-263°C (dec.); UV
Amax (MeOH): 218, 264, 291, 355 nm (log E
5.1,4.5, 3.8, 3.7); UV Vrnax (MeOH+2drops of 3N
NaOH): 220, 285, 335, 354 nm (log E 4.9, 4.5, 3.9,
3.7); IR Amax (KBr): 3300, 2965, 1730, 1645,
1615, 1585, 1440, 1295, 1205, 1125, 1085, 810,
750 cm' H NMR (100 MHz, DMSO-d6): 8 12.66
(lH, brs, D20-exchangeable, OH), 9.15 (1H, d,
J=8.5 Hz, H-1), 8.95 (lH, brs, D20-exchangeable,
OH), 8.86 (lH, s, H-11), 7.45 (lH, dd, J=9.5, 3.0
Hz, H-3), 7.21 (lH, dd, J=8.5, 9.5 Hz, H-2), 6.87
(lH, s, H-8), 6.73 (lH, s, H-6), 2.50 (2H, m, Hr2'),
1.95 (3H, brs, Me-B) 1.21 (4H, brs, H2-3', H2-4'),
0.84 (3H, brs, Me-5'); EIMS m/z (rel. int.): 396
[Mr (C22H2007) (3.1), 311(100), 296(17.8),
281(16.4), 246(3.0), .194(15.3), 167(19.7),
161(8.3), 150(76.5),85(44.5), 79(65.3).
Methylation of 6. Compound 6 (10 mg) was
dissolved in small amount of MeOH (2 ml.) and a
solution of CH2N2 in ether added. The reaction
mixture was allowed to stand at room temperature
for 24 hr. The solvent was evaporated and the
compound 7 purified by preparative TLC, m.p.
241-42°C. IR (KBr): 1730, 1710, 1640, 1610 em",
ElMS mlz (rel, int.) 424[Mt (C24H2407) (21.1),
39(17.1), 365(3.2, 362(4.1), 334(9.2), 260(7.3),
175(9.3), 164(70.1), 144(4.0), 133(3.2), 118(6.2),
85(100),57(45.2).
Boerhavilanostenyl benzoate 8. Elution of the
column with CHCh-MeOH (9:1) afforded
colourless amorphous mass of 8, recrystallised
from MeOH, 130 mg (0.0116% yield), Rr 0.63
(CHCh-MeOH, 95:5), m.p. 250-251°C (dec.): UV
A.max (MeOH): 217, 280 nm (log E 5.6, 2.3); IR Vrnax
(KBr): 3400, 2935, 2870, 1725, 1710, 1640, 1585,
1440, 1365, 1295, 1280, 1195, 1155, 1120, 1060,
1010, 810, 790, 745 ern"; IH NMR (100 MHz,
DMSO-d6): 87.53 (lH, m, H-2"), 7.14(lH; m, H-
6"), 7.00 (lH, m, H-3"), 6.81 (lH,m,H-1'), 6.57
(1H,m,H-4"), 5.31 (1H,d,J=4.5Hz, H-6), 5.08
(lH,d,J=7.0Hz, H-1'), 4.86 (2H; brs, Hr27), 4.39
(1H, m, H-4'), 4.26 (lH, d, J=11.0 Hz, H-6', a),
4.18 (lH, d, J=11.0Hz, H-6'b), 3.69 (lH, brs, H-
2'), 3.49 (2H, brs, H-3', H-5'), 1.23 (3H, brs, Me-
19), 1.16 (3H, d, J=6.0 Hz, M-26), 0.95 (6H, brs,
Me-28, Me-30, 0.84 (3H, d, J=6.0 Hz, Me-21),
0.77 (3H, brs, M~-29), 0.69 (3H, brs, Me-18);
EIMS mlz (reI. int.): 708 [Mr (C43H640g) (N.O.),
441(5.1), 411 (5.0), 395 (16.3), 343 (4.9), 325
(8.1), 313 (7.2), 297 (5.1), 267 (4.9), 223 (16.6),
218 (10.7), 204 (10.1), 165 (12.0), 163 (3.6), 150
(100), 128 (26.2), 122 (14.0), 109 (11.8), 105
(16.1),98 (36.3), 95 (21.3), 81 (40.2),71 (40.3),57
(62.8).
Alkaline hydrolysis of 8. Compound 8 (50 mg)
was heated with 2N ale. KOH solution for 4 hr.
Water (15 mL) was added and the reaction mixture
was extracted with CHCh (2x10 mL). The organic
phase was washed with water (2x10 mL), dried
(Na2S04) and evaporated to get the aglycone 9,
m.p. 202-203°C, m.m.p. and co-TLC were
compared with 3-oxo derivative of lanost-5-ene -
3,27, -diol". The reaction mixture was neutralized
with dilute HCI and re-extracted with CHCh (2x 10
mL). The organic layer after usual work-up gave
benzoic acid; and m.p. and m.m.p. and co-TLC
were compared with the authentic sample. In the
aqueous phase the sugar was identified as ~D-
glucose on TLC.
Lwa rduction of 9. Compound 9 was
dissolved in dry solvent ether (5mL) and LiAI~
(50 mg) was added in portions. After usual work-
up lanost-5-ene-3a, 27-diol1021 was obtained, m.p.
and co- TLC comparable.
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